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Gassensor 

The invention relates to a gas sensor comprising at least 
one light source, projection optics and a light-reflecting chamber 

5 provided with at least one light entry opening, which gas sensor further 
comprises a detector that cooperates with the light-reflecting chamber, 
by means of which detector light from the light source can be detected. 

With such a gas sensor, which is known from US patent 
US-A-5,734,165, a light source is projected on the light entry opening of 

10 a light-reflecting chamber via a mirror. The light from the light source 
is deflected by a mirror grating in the light chamber and directed to the 
detector. The light is analysed by means of the detector, and from the 
analysed light at least the gas concentration of a gas is determined. 

Gases can be selectively detected by making use of an 

15 infrared spectrometer, for example, and of their specific absorption 
characteristics in the infrared spectral range. 

Absorption of the light takes place in the gas that is 
present in the light path between the light source and the detector. The 
length of said light path depends on the gas that is to be detected. 

20 The stability and accuracy of the gas sensor are influenced 

inter alia by the mechanical strength, thermal drift, changes in the 
humidity level, fouling of the components in the light path between the 
light source and the detector, ageing of the light source and the 
detector, etc. These effects influence the light to be detected by means 

25 of the detector and can thus lead to a deviation in the determination of 
the gas concentration of the gas to be measured. 

In particular variations in the position of the light 
source with respect to the detector, for example due to thermal effects, 
will lead to an uncontrolled change in the light to be detected by means 

30 of the detector when using the gas sensor according to the aforesaid US 
patent US-A-5,734,165, which will lead to undesirable deviations in the 
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gas concentration to be determined therefrom. 

The object of the invention is to provide a gas sensor 
which is relatively insensitive to influences such as thermal drift, 
fouling, ageing and mechanical changes, 
5 The relative insensiti vity to thermal drift, fouling and 

ageing of the gas sensor according to the invention is achieved in that 
the gas sensor comprises at least two light sources, which can each be 
projected on a light entry opening of the chamber by means of the 
projection optics. 

10 In this way it is possible to use one light source as a 

reference light source, whilst at least one other light source is 
suitable for gas detection, for example in cooperation with an associated 
wavelength-determining element. 

The relative insensiti vity to mechanical changes is 
15 achieved in that the light from a light source, which is projected on the 
light entry opening of the chamber by means of the optics, is reflected 
in the chamber a number of times on average, as a result of which the 
light distribution is homogenised, as it were. 

The use of projection optics makes it possible to use a 
20 relatively large light source, which can be projected on a reduced scale 
on a relatively small light entry opening. In this way, too, the 
sensitivity to mechanical changes is reduced. 

The use of two light sources and a single detector makes it 
possible to obtain a gas sensor that does not comprise any moving parts, 
25 which renders the gas sensor less sensitive to failure. 

It has furthermore become apparent that light sources 
remain relatively stable with the passage of time, which contributes to 
the long-term accuracy of the gas sensor. 

One embodiment of the gas sensor according to the invention 
30 is characterized in that the gas sensor is provided with at least two 
light sources, which can each be projected on the same light entry 
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opening of the chamber by means of projection optics. 

Since both light sources can be projected on one and the 
same light entry opening, the gas sensor will be even less sensitive to 
small changes in the gas sensor mechanics, and the light paths between 
the light sources and the detector are substantially identical. 

Another embodiment of the gas sensor according to the 
invention is characterized in that a wavelength-determining element is 
disposed between at least one light source and the detector. 

This makes it possible to use light beams having different 
wavelengths, which function as a reference light beam and a light beam 
for measuring the desired gas respectively. 

Another embodiment of the gas sensor according to the 
invention is characterized in that the projection optics comprises at 
least one projection mirror. 

The occurrence of light absorption phenomena associated 
with the use of a lens is prevented by using a mirror. 

Yet another embodiment of the gas- sensor according to the 
invention is characterized in that the mirror comprises a number of 
segments, a first group of which segments cooperates with the first light 
source whilst the second group of segments cooperates with the second 
light source. 

In this way, the light paths of the light beams from the 
light source will be substantially identical. In addition, the effect of 
ageing and fouling of the mirror will be the same for both light sources 
when such a segmented mirror is used, and it is possible to obtain a 
symmetrical incidence of light in the light-reflecting chamber. This 
makes the gas sensor relatively insensitive to changes in the gas sensor 
mechanics. 

The segments of the first group preferably have a first 
focal point, whilst the segments of the second group have a second focal 
point. 
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Preferably, the segments of the two groups are evenly 
distributed over the mirror. 

Yet another embodiment of the gas sensor according to the 
invention is characterized in that the light sources are disposed on the 
5 same side of the detector. 

In this way it is possible to position the light sources 
relatively close together, so that the light beams from the light sources 
will follow substantially the same light paths to the chamber. This 
reduces the sensitivity to changes in the mechanics even further. 
10 Preferably, the light sources are spaced apart by a centre 

distance in the order of the diameter of the light sources. This, too, 
achieves that the light beams from the light sources substantially 
coincide. 

Yet another embodiment of the gas sensor according to the 
15 invention is characterized in that the light-reflecting chamber is of 
square cross-section, at least one side of which cross-section has a 
dimension in the order of the dimension of a light-receiving element of 
the detector or of the dimension of the projection of the light source. 

As a result of this shape of the light-reflecting chamber, 
20 an optimum homogenising effect is obtained. Preferably, the chamber is 
tapered, as a result of which the light is concentrated in the direction 
of the detector. 

In this way, the light that is present in the chamber is 
reflected at different angles on different positions of the chamber, as a 
25 result of which the light intensity measured by the detector remains the 
same, substantially independently of the position of the light source 
that is projected on the light entry opening. 

Because the light exit opening of the chamber is disposed 
close to the detector surface, the relative position is guaranteed, as a 
30 result of which any mechanical changes will not affect this part of the 
sensor and drift of the measurements caused by the light shifting over 
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the detector surface is thus prevented. 

The invention will now be explained in more detail with 
reference to the drawing, in which: 

Fig. 1 is a schematic view of the basic principle of a gas 
sensor according to the invention, 

Fig. 2 is a schematic view of a first embodiment of a gas 
sensor according to the invention, 

Fig. 3 is a schematic view of a second embodiment of a gas 
sensor according to the invention, 

Fig. 4 is a schematic view of a third embodiment of a gas 
sensor according to the invention, 

Fig. 5 is a schematic view of a fourth embodiment of a gas 
sensor according to the invention. 

Like parts are indicated by the same numerals in the 

figures. 

Fig. 1 shows the basic principle of a gas sensor 1 
according to the invention, which comprises a light source 2 and a 
detector 3. A light path extends between the light source 2 and the 
detector 3, in which light path a wavelength-determining element in the 
form of an infrared filter 4, projection optics in the form of a lens 5 
and a light-reflecting, channel -shaped chamber 6 are disposed. The light- 
reflecting chamber 6 is elongate in shape and has a light entry opening 7 
on a side facing towards the lens 5 and a light exit opening 8 on a side 
facing towards the detector 3. The light source 2 is projected on the 
light entry opening 7 as the light source 2' by means of the lens 5. The 
chamber 6 comprises a number of light-reflecting walls 9, which bound a 
cavity 10 in which the light from the light source 2 is reflected a 
number of times before the light exits the chamber 6 via the light exit 
opening 8 and falls on a light-sensitive surface 11 of the detector 3. 
The light source 2 emits light which is filtered by the filter 4, so that 
only infrared light having a specific, desired wavelength will be passed 
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on in the direction of the detector 3, said wavelength being dependent on 
the gas that is to be detected. Depending on the concentration of the gas 
to be detected, which is present in the space in which the gas sensor 1 
is present, a certain part of the infrared light will be absorbed. On the 
5 basis of the amount of infrared light measured by the detector 3, the 
concentration of a C0 2 gas, for example, in the gas that is present in 
the space is determined. This is important, for example in order to 
determine the quality of the gas in a space in which persons are present, 
such as a living-room, an office, etc. Said gas is the air that is 

10 present in the living-room. Since the light path in the chamber 6 is 
relatively long, the light in the chamber 6 is homogenised relatively 
well, as a result of which the light path is relatively insensitive to 
mechanical changes. 

The chamber 6 is preferably channel -shaped, the length 

15 preferably being at least three times greater than the cross-sectional 
dimension so as to ensure that the light in the chamber 6 is properly 
mixed. Preferably, said cross-sectional dimension is of the same order as 
the dimension of the light-sensitive surface 11 of the detector 3. 
Commercially available detectors 3 have a light-sensitive surface 11 of a 

20 few square millimetres. The walls 9 of the chamber 6 are preferably made 
of a metal that reflects light well, for example gold, so that an optimum 
reflection is obtained. The cross-section of the chamber 6 is preferably 
square-shaped, for example oblong or square. Preferably, the chamber is 
tapered in the longitudinal direction of the chamber 6, the cross- 

25 sectional area near the entry opening 7 and the cross-sectional area near 
the exit opening preferably differing from each other by a factor of up 
to 5. 

Fig. 2 shows a first embodiment of a gas sensor 21 
according to the invention, which comprises two light sources 22, 23, 
30 filters 24, 25 disposed in front of the light sources 22, 23, projection 
optics in the form of curved mirrors 26, 27 disposed in front of said 
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filters 24, 25, a chamber 28 and a detector 29. The chamber 28 is 
provided with two light entry openings 30, 31, on which the light sources 
22, 23 are projected as light sources 22', 23' by means of the mirrors 
26, 27. The chamber 28 furthermore comprises a light exit opening 32 
centrally disposed between the light entry openings 30, 31, opposite a 
light-receiving surface 33 of the detector 29. 

The filters 24, 25 each transmit infrared light of a 
different wavelength. If the presence of C0 2 is detected by means of the 
sensor, the wavelength for the filter 24 will be 4.3 pm, for example, 
and the wavelength for the reference filter 25 will be 4 |Jm, for 
example. 

By means of the light source 22 and the associated 
filter 24, light having a wavelength at which C0 2 absorbs maximally is 
transmitted, which light is directed towards the light entry opening 30 
via the mirror 26, after which the light is reflected in the cavity 
bounded by the chamber 28 a number of times before the light reaches the 
light-sensitive surface 33 of the detector 29. By means of the 
detector 29, the concentration of C0 2 gas that is present in a gas (air) 
surrounding the gas sensor 21 is determined. Light at which C0 2 absorbs 
minimally is transmitted by means of the filter 25, which light is 
subsequently analysed in the same manner by means of the detector 29. The 
light source 23 functions as a reference. If a change occurs in the light 
being emitted by the light source 23 and being detected by the 
detector 29, this is an indication that a change has occurred in the gas 
sensor 21, such as a decrease of the sensitivity of the detector, fouling 
of one or more components of the sensor, etc. Subsequently, the measured 
change can be taken into account in the determination of the C0 2 
concentration by means of the light source 22. Preferably, the light 
sources 22, 23 are alternately turned on and off at short intervals, so 
that only the light from a single light source 23 or 24 needs to be 
analysed by means of the detector 29. It is also possible, however, to 



WO 2005/029048 



PCTYNL2004/000652 



8 

use a detector by means of which the light from both light sources 22, 23 
can be simultaneously measured and analysed. 

Fig. 3 shows a second embodiment of a gas sensor 34 
according to the invention, which is different from the gas sensor 21 
5 that is shown in Fig. 2 in that the two light sources 22, 23 are 
projected on the same light entry opening 35 of a chamber 36. The 
chamber 36 is provided with a light exit opening 37 on a side remote from 
the light entry opening 35, opposite which a light-sensitive surface 33 
of a detector 29 is disposed. Compared to the gas sensor 21, the gas 
10 sensor 34 has the advantage that practical identical light paths are 
formed. 

Fig. 4 shows a third embodiment of a gas sensor 41 
according to the invention, which is different from the gas sensor 34 
that is shown in Fig. 3 in that a faceted mirror 42 is provided instead 

15 of two mirrors 26, 27, the mirror surfaces 43 of which reflect the light 
from the light source 23 in the direction of the light entry opening 35, 
whilst the mirror surfaces 44 reflect light from the light source 23 in 
the direction of the light entry opening 35. Ageing and fouling of the 
faceted mirror 42 will occur to the same extent for both light sources 

20 22, 23, so that the gas concentration as determined on the basis of the 
light source 23 can easily be corrected by means of the reference light 
source 23. 

In addition, a symmetrical incidence of light on the light 
entry opening 35 is obtained by means of the faceted mirror, resulting in 
25 an optimised effect of the channel. 

Fig. 5 shows a fourth embodiment of a gas sensor 51 
according to the invention, which is provided with a detector 29, a 
light-reflecting, channel -shaped chamber 36, a segmented, faceted 
mirror 54 and two light sources 22, 23, in front of each of which light 
30 source 22, 23 a filter 24, 25 is disposed. The channel -shaped chamber 36 
is of square cross-section, with the cross-sectional area of the 
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chamber 6 decreasing in the direction from the mirror 54 to the 
detector 29. The light sources 22, 23 are disposed relatively close 
together on the same side of the chamber 36. The mirror 54 comprises four 
segments 57, 58, 59, 60, which are more or less symmetrically distributed 
5 over the area of the mirror 54. The segments 57, 59 form a first group of 
segments, which cooperate with the light source 22, whilst the segments 
58, 60 form a second group of segments, which cooperate with the light 
source 23. The two groups of segments have two different focal points. 

The light beams 61, 62 from the light sources 22, 23 are 

10 projected on the light entry opening 35 of the light-reflecting 
chamber 36 via the segments 58, 60 and 57, 59, respectively. 
Subsequently, the light is homogenised in the channel -shaped chamber 36 
and analysed by means of the detector 29. 

The distance between the light sources 22, 23 and the 

15 mirror 54 depends on the gas that is to be detected and the concentration 
thereof. 

It is also possible to use three or more light sources, 
which makes it possible to detect different gases with a gas sensor. 

It is also possible to provide the faceted mirror with 
20 fewer or with more mirror surfaces. 

It is also possible, of course, to use other gases than C0 2 
by means of the gas sensor according to the invention, with the filter 24 
for example transmitting light having a wavelength of 4.64 pm for CO or 
3.4 \im for HC. 

25 It is also possible to project the light source on an 

enlarged scale, on the same scale or on a reduced scale on the light 
entry opening. 



